3

Comments on the Joint Proposed Rulemaking to Establish Light-Duty Vehicle Greenhouse Gas Emission Standards and Corporate Average Fuel Economy Standards
I appreciate the opportunity to provide comments on the joint rulemaking to establish greenhouse gas emission and fuel economy standards for light-duty vehicles. My comments are directed at the choice of vehicle footprint as the attribute by which to vary fuel economy and greenhouse gas emission standards, in the interest of protecting vehicle occupants from death or serious injury. I have made several of these points before when commenting on previous NHTSA rulemakings regarding CAFE standards and safety. The comments today are mine alone, and do not necessarily represent the views of the US Department of Energy, Lawrence Berkeley National Laboratory, or the University of California.
My comments can be summarized as follows:
• My updated analysis of casualty risk finds that, after accounting for drivers and crash location, there is a wide range in casualty risk for vehicles with the same weight or footprint. This suggests that reducing vehicle weight or footprint will not necessarily result in increased fatalities or serious injuries.
• Indeed, the recent safety record of crossover SUVs indicates that weight reduction in this class of vehicles resulted in a reduction in fatality risks.
• Computer crash simulations can pinpoint the effect of specific design changes on vehicle safety; these analyses are preferable to regression analyses, which rely on historical vehicle designs, and cannot fully isolate the effect of specific design changes, such as weight reduction, on crash outcomes. • There is evidence that automakers planned to build more large light trucks in response to the footprint-based light truck CAFE standards. Such an increase in the number of large light trucks on the road may decrease, rather than increase, overall safety.
Introduction
Pinpointing the causes of a vehicle crash, and any fatalities or serious injuries that occur in crashes, is a very difficult task. Many variables can contribute to one vehicle model having a higher risk on-road risk than another model; these variables can be grouped into three general categories, driver characteristics and behavior, vehicle attributes and condition, and crash location and environment.
The 2003 NHTSA study (Kahane, 2003 ) did a thorough job accounting for many of the variables that may affect injury and fatality outcomes in crashes. However, even this comprehensive analysis did not account for all of these variables; indeed, it may not be possible to fully account for all of the important variables that determine crash outcomes. I have critiqued this analysis in comments submitted for previous NHTSA rulemakings (Wenzel and Ross, 2004a; Wenzel and Ross, 2004b; Wenzel and Ross, 2005; Wenzel and Ross, 2008) .
Casualty risks
In a recent analysis for the Department of Energy (Wenzel, 2009) Because both the numerator (crash casualties) and denominator (total number of crashes) of the risk estimates come from the same dataset, I can exclude certain cases from the analysis in order to account for various effects that may bias the estimated casualty risks by vehicle type and model. For example, young males, because of their inexperience and aggressive driving, tend to have higher casualty risks than other drivers; elderly drivers tend to have higher casualty risks because they are less able to sustain crash forces in a serious crash. I exclude both young males and elderly drivers from my analysis to limit the effect that differences in drivers among vehicle types have on estimated casualty risks. Similarly, casualty risks tend to be higher in very rural counties, and lower in very urban counties, because of a variety of factors. I also exclude crashes in very rural and very urban counties to account for these factors.
My analysis indicates that, on average, casualty risk to drivers does tend to decrease as vehicle weight ( Figure 1 ) or footprint (Figure 2 ) increases. The relationship between casualty risk and weight is stronger for cars than for light trucks (minivans, SUVs, and pickups); however, there still is a wide range in casualty risk for individual vehicle models of the same type, weight, and footprint. The worst car models can have a casualty risk 50% higher to two times higher than the safest car models, even after accounting for differences in the number of miles driven, driver age and gender, and crash location by vehicle model. One would think that wheelbase (or vehicle length) would be protective in frontal crashes, while track width (or vehicle width) should protect in side impact crashes. However, I find that the relationship is not particularly strong between vehicle wheelbase and casualty risk in frontal crashes, or track width and casualty risk in driver-side crashes.
There also is a wide range in risk imposed on drivers of other vehicles, for vehicles with the same weight ( Figure 3 ) or footprint ( Figure 4 ). However, I find that the risks imposed by light trucks on drivers in other vehicles tend to increase as light truck weight or footprint increases. The wide range in risk among vehicle models, both to own drivers and to drivers of other vehicles, indicates that an across-the-board reduction in vehicle weight or footprint would not automatically lead to additional fatalities. There are examples of vehicles on the road today that have relatively low weight or footprint, and lower than average risk. A regression model like NHTSA's only considers the average trend in the relationship between vehicle weight or size and risk, and ignores those vehicles that do not follow that trend.
To illustrate why the NHTSA regression approach does not, and perhaps cannot, accurately reflect how automakers will respond to the proposed standards in their future designs, I offer the following example, taken from Figure 1 above and shown in more detail in Figure 5 .
The Dodge Neon has an average weight of 2920 lbs, and, for a middle-aged driver in a suburban area, a casualty risk of 320 per 10,000 vehicles involved in a crash. In effect, a regression analysis like Kahane's assumes that if 170 lbs of weight were taken out of the Neon, its risk would increase to 340, by moving up the regression line for all car models. This level of risk is comparable to that of a Lancer, which has an average weight of 2760 lbs and has a casualty risk of 346 (in blue in Figure 5 ). The Protege and Sephia (in red) also weigh about 2750 lbs; however, their risk ranges from 298 for the Protégé (which is 15% less than that of the Lancer) to 427 for the Sephia (which is 25% more than that of the Lancer). The NHTSA regression assumes that, in removing 170 lbs from the Neon, Chrysler engineers will necessarily convert it into the equivalent of a Lancer. But will the weight reduction actually result in the equivalent of a Protege, or perhaps a Sephia? Indeed, Chrysler engineers may be capable of converting the 8 Neon into the equivalent of a Matrix, Civic, or Corolla (in green), all of which have the same risk as the Neon but weigh 5%, 10%, and 15% less, respectively. The bottom line is that there is no reason to believe, given today's competitive and safety conscious market, that, given adequate lead time, automakers would make their vehicles less safe. The industry can, and indeed already does, produce vehicles that have relatively low mass and that are at least, if not more, safe than the average vehicle.
Crossover SUVs
In its Regulatory Impact Analysis, NHTSA estimates that, under a worst case scenario, reducing the weight of vehicles will result in additional annual fatalities. (-313) 4081 (-419) Casualty risk to drivers 69 ± 9 63 ± 4 44 ± 4 (-36%) 32 ± 3 (-49%) Casualty risk to others 52 ± 8 59 ± 4 36 ± 4 (-31%) 37 ± 4 (-37%) * Sales-weighted averages for MY05 models Because 1999 was the last year of data covered in the 2003 NHTSA analysis, and only 10% of model year 1999 SUVs were crossovers, the 2003 analysis does not account for the rapid penetration of crossovers into the new vehicle market, and their effect on the relationship between vehicle weight, footprint, and risk. An updated regression analysis of data on model year 2000 and newer vehicles would likely find that reducing SUV mass, while maintaining size, would reduce casualty risk, similar to DRI's previous finding using fatality data.
Of course it is possible that factors other than weight reduction account for the lower risks in crossover SUVs; for example, unibody construction, lower bumpers, and less rigid fronts make crossovers more compatible with cars than truck-based SUVs. NHTSA's own research indicates that light truck bumper height and frontal stiffness are dangerous to car occupants, even after accounting for light truck weight; and lower height and center of gravity, stronger roofs, and perhaps early adoption of electronic stability controls may account for the lower rollover fatalities in crossover SUVs. NHTSA should acknowledge that other vehicle attributes may be as important, if not more important, than vehicle weight or footprint in terms of occupant safety.
Computer crash simulation modeling
These results regarding crossover SUVs are supported by a recent DRI study commissioned by the Aluminum Association (Kebschull et al., 2004) . DRI used computer crash engineering models to simulate the effect that changing a SUV's mass or footprint would have on crash outcomes, without changing any other attributes of the SUV. DRI found that reducing SUV mass by 20% slightly increased the number of serious injuries to the SUV drivers, but cut in half the number of serious injuries to drivers of other vehicles. On balance, the computer simulation found a net 15% decrease in serious injuries in all vehicles. Similarly, increasing SUV wheelbase (by 4.5 inches) while maintaining its weight resulted in a 26% reduction in serious injuries in all vehicles.
These types of computer crash simulations are valuable because they allow the study of the independent effects of specific design changes, holding all other vehicle attributes constant. They are preferable to statistical regression models for two reasons: first, regression models frequently do not, and perhaps cannot, fully account for all the design differences between vehicle models, or their drivers, that contribute to their on-road safety record. Second, regression models are limited to the vehicle designs currently available on the market; they cannot accurately predict what effect any future large-scale changes in vehicle design, such as those induced by tough fuel economy and emission standards, would have on occupant safety.
Two-door cars
The 2003 NHTSA regression analysis excluded two-door cars because these vehicles tend to be driven aggressively, which makes the vehicles themselves appear to be more risky than four-door models of the same weight. The exclusion of a class of vehicles because of their drivers' behavior suggests that the NHTSA regression model does not fully account for driver characteristics and behavior for other vehicle types (such as the relatively safe drivers of minivans). Our analysis of model year 2000 to 2004 cars in the crash data from five states indicates that, in general, the 4-door version does tend to have a lower casualty risk than the 2-door version of the same model; however, the risk is lower even after one accounts for driver age and gender and crash location, which suggests either that driver behavior does not account for the greater risk in 2-door vehicles, or that the difference in driver behavior is not fully captured by excluding young male and elderly drivers. In two models (Alero and Stratus), the risks in the 4-door version are consistently higher than those in the 2-door version.
In crashes involving 2000 to 2004 vehicles, only 25% of all 2-door cars are 8 models that only come in 2-door versions, and could be considered sports or sporty cars (Mustang, Eclipse, Celica, Tiburon, Camaro, Firebird, RSX, and Corvette) . The remaining 75% are mostly 2-door versions of 22 models that would not be considered sports cars (Civic, Cavalier, Sunfire, Accent, Accord, Focus, etc.) . Removing 2-door cars from our analysis of casualty risk in five states increases the correlation between casualty risk and curb weight (R2 improves from 0.36 to 0.50) and footprint (from 0.36 to 0.41), even after excluding young male drivers; nearly all of this improvement comes from removing the eight sports car models. In subsequent analyses NHTSA should include 2-door vehicles; a variable indicating whether the vehicles are sports cars can be included to account for any additional risk taken by drivers of these car models.
Automaker response to proposed standards
NHTSA based its recent CAFE standards on vehicle wheelbase and track width, in part to reduce the incentive for manufacturers to increase a vehicle's footprint in order for it to qualify for a lower CAFE target. Nonetheless, it appears that manufacturers planned to increase the footprint of their light trucks once NHTSA announced the footprint-based standard. Figure 6 indicates that after the first footprint-based standards were proposed, manufacturers planned to continue building larger light trucks. For instance, the planned production of the largest trucks (with a footprint greater than 65 square feet) doubled, from 8% to 16% of all planned light truck production. Undoubtedly some of this upsizing of light trucks is the result of the continued exemption of pickups between 8,500 and 10,000 lbs GVWR from CAFE; the Energy Independence and Security Act of 2007 (EISA) required that these pickups be addressed in a separate rulemaking. And auto manufacturers have likely revised these production plans in the face of their current financial situation, volatile gas prices, and the economic downturn. However, Figure 6 indicates that the announcement of the footprint-based standards did not necessarily discourage manufacturers from producing more light trucks with larger footprint. Because these large trucks are particularly dangerous to drivers of cars, the footprint-based standards may result in a net decrease in overall safety. 
Conclusions
In conclusion, I have shown that reducing vehicle weight, or footprint, will not necessarily result in increased fatalities or serious injuries. Indeed, the recent safety record of crossover SUVs indicates that overall safety increased when the weight of these vehicles was reduced.
Statistical regression analyses are imperfect tools to predict the effect of changes in vehicle design on occupant safety; computer crash simulations can better pinpoint the effect of specific design changes, while holding other vehicle attributes fixed.
Finally, I have presented evidence that automakers planned to build more large light trucks in response to the footprint-based light truck CAFE standards. A single stringent fuel economy standard would eliminate this type of gaming, discourage the continued use of light trucks (with low fuel economy) as essentially substitutes for cars, and encourage greater use of lighter, smaller, and safer vehicles. Details of vehicle design can be improved through direct safety regulations. Improvements in safety regulations will have a greater effect on occupant safety than fuel economy standards that are structured to maintain, but in reality may increase, vehicle size.
